Copper transfer to the N-terminal domain of the Wilson disease protein (ATP7B): X-ray absorption spectroscopy of reconstituted and chaperone-loaded metal binding domains and their interaction with exogenous ligands.
The copper-transporting ATPases are 165-175 kDa membrane proteins, composed of 8 transmembrane segments and two large cytosolic domains, the N-terminal copper-binding domain and the catalytic ATP-hydrolyzing domain. In ATP7B, the Wilson disease protein, the N-terminal domain is made up of six metal-binding sub-domains containing the MXCXXC motif which is known to coordinate copper via the two cysteine residues. We have expressed the N-terminal domain of ATP7B as a soluble C-terminal fusion with the maltose binding protein. This expression system produces a protein which can be reconstituted with copper without recourse to the harsh denaturing conditions or low pH reported by other laboratories. Here we describe the reconstitution of the metal binding domains (MBD) with Cu(I) using a number of different protocols, including copper loading via the chaperone, Atox1. X-ray absorption spectra have been obtained on all these derivatives, and their ability to bind exogenous ligands has been assessed. The results establish that the metal-binding domains bind Cu(I) predominantly in a bis cysteinate environment, and are able to bind exogenous ligands such as DTT in a similar fashion to Atox1. We have further observed that exogenous ligand binding induces the formation of a Cu-Cu interaction which may signal a conformational change of the N-terminal domain.